The Province of East Java has its characteristics that differentiate it from any other regions. Dissimilarities in characteristics of a region may encompass issues such as social, economic, cultural, parenting, education, and the environment, so as to cause the difference in the case of severe under nutrition between one region to another. Sufferers of malnutrition in one region may be linked and influenced by the surrounding regions. Therefore, we need a statistical modeling that can take into account the spatial factor. Statistical methods that can be used to analyze the data and also takes into account the spatial factor are the Geographically Weighted Regression (GWR). This study is aimed to determine the case of malnutrition models in East Java Province using GWR model with kernel adaptive bi-square weighting and comparing it to the conventional linear regression model. The data used in the study are secondary data obtained from the National Socio-Economic Survey and Basic Health Research (2010) conducted in 38 districts in East Java. Estimation is done by using the Weighted Least Squares method that provides different weighting values to each region. The result showed that there are 38 models of the malnutrition case that is different from each district in East Java. The GWR model with bi-square kernel weighting function is better in modelling the case of malnutrition in East Java compared to the conventional linear regression models that are based on the criteria of goodness that is the Rsquare, Mean Square Error and the Akaike Information Criterion.
Introduction
The number of people suffering from malnutrition is still quite high. In the year 2010, the figure reached 17.9 percent. Since 2015, the Government has taken the efforts to lower the aforementioned figure down to 15.1 percent in line with the target laid down by the Millennium Development Goals (MDGs). Data from Badan Penelitian dan Pengembangan Kesehatan (Health Development and Research Board) revealed that some provinces have quite a high number of malnutrition cases. Among the provinces in the island of Java, the Province of East Java takes the lead with 14,720 cases with the highest prevalence of malnutrition at 4.8 percent. 1 Some endeavors have been taken by the Government, particularly those carried out the Health Department, by employing both strategic and tactical approaches. A strategic approach entails the efforts to optimize the health service operations for pregnant mothers and children under the age of five years old, including, among others, optimizing the function of Posyandu (integrated health service station, i.e., centers for preand postnatal health care and information for women and for children under the age of five). Whereas, a tactical approach covers the efforts to anticipate the rising prevalence among children under the age of five years old who suffer from malnutrition and measures to reduce such an occurrence through some studies or research about malnutrition cases in children under the age of five years old.
Malnutrition sufferers from any specific region may be influenced by the cases occurring in the surrounding regions. Obviously, aspects of geographic, sociocultural and economic conditions will be different from one region to another; therefore, it requires a specific statistical modeling that takes into account the spatial factor. Literature related to spatial issues have been developed many times before, including spatial analysis of variance, 2 a structural change model for spatial discrete data, 3 spatial adaptive filtering model, 4 which is used for continuous spatial data between their spaces. The last model is a development of the non-parametric regression model, wherein the estimation for each region will be calculated using the calibration model. In response to the difficulties when using calibration model when estimating the parameters, 5 a model for non-stationer spatial data is developed, this model is known as the Geographically Weighted Regression (GWR).
The GWR method is relatively simpler in its operation and is more effective than any other methods. 6 Case in point, in the health sector, numerous studies have been carried out utilizing the GWR method, 7 using the GWR model to reveal the factors that influence the level of food poverty. Using the GWR method to uncover the correlation between the level of poverty and economic growth and government's policy. 8 The weighting matrices used in GWR are based on the position or distances between one region of observation to another observation location. The closer the proximity between the regions the stronger the influence will be.
The GWR model is a development of the global regression model, in which the basic ideas are taken from the non-parametric regression model. 9 This model is a locally linear regression that produces local parameter estimation for any specific point or region from where the data is collected. The GWR parameters are calculated for each and every region observed. Therefore, each region will have a different parameter values. The dependent variable in GWR model is a continuous random variable, which is predicted using independent variables wherein each of its regression coefficients is dependent on the region where the data is observed. Unlike the conventional linear regression, the parameter values are assumed to be the same for each point or region under observation. Therefore, the resulting parameter estimation will have a single value that valid for each region observed.
The province of East Java has its unique regional characteristics, resulting in dissimilarities between the occurrence of malnutrition among children under the age of years old in one region to the other. Dissimilarities in characteristics of a region may encompass issues such as social, economic, cultural, parenting, education, and the environment. The location where people live, whether it is in the city, village or rural or coastal areas will influence their thought pattern, culture and their socioeconomic perception. The geographic factor will also contribute to their mobility and access toward food, nutrition services as well as health services both primary and referral. Consequently, sufferers of malnutrition are variables with spatial effect. For that reason, they require a statistical modeling that can take into account the spatial factor. The aim of this study is to determine the model for the occurrence of malnutrition in the province of East Java using Geographically Weighted Regression model with kernel adaptive bi-square weighting.
Methods
The data used in the study are secondary data collected by BPS (Badan Pusat Statistik) (Central Bureau of Statistics), i.e. the data obtained from the National Socio-Economic Survey (Survei Sosial Ekonomi Nasional/ SUSENAS) and the Basic Health Research (Riset Kesehatan Dasar) conducted in 38 districts/cities in the East Java in 2010.
Also, the study also employs data on astronomical positions (position of latitude and longitude). GWR method requires data on coordinate's points of the region observed (latitude and longitude). These coordinates are used to determine the distance from one point of observation to the next. In this study, the observation unit is the districts/cities in the province of East Java. Data collection was carried out from July to August 2010 of the households selected as samples. The samples consisted of 29,952 households spread all over the districts/cities in East Java, ranging between 640 to 1,120 households per district/ city. The sampling technique used in the study was the probability proportional to size (PPS)-Systematic, wherein the size of the total households were taken from the listing of each block from the result of voters registration and continuous population registration P4B (Pendaftaran Pemilih dan Pendataan Penduduk Berkelanjutan). The data was collected through face-to-face interviews with surveyor officials and respondents, i.e. head of the households, husband/ wife who head the household or member of the households who were familiar with the characteristics of questions. Based on the census population carried out by the East Java BPS in 2010, the total number of population in East Java were 39 million. 10 The variables used in this study are based on the study. 11 These variables include the percentage of children under the age of five years old suffering from malnutrition as dependent variable (Y), percentage of households with access to clean water (X 1 ), percentage of poor people (X 2 ), percentage of children under the age of five years old suffering from infections (X 3 ), percentage of expenses per capita for food in a month (X 4 ), percentage of the total Posyandu (X 5 ), percentage of children under the age five years old who are breastfed exclusively (X 6 ).
Stages of data analysis in acquiring the GWR model for modelling the percentage of children under the age five years old suffering from malnutrition are as follows: a) Description of data on children under the age five years old suffering from malnutrition in the Province of East Java; b) Obtaining the linear regression model between the dependent and independent variables using the OLS method (ordinary least square); c) Performing linear parameter test simultaneously using ANOVA and partial test using t-test; d) Performing heterogeneity test using Breusch-Pagan (BP) test; e) Determining up and v i according to the south latitude and east longitude for each district/city in East Java province; f) Calculating the Euclidian distance between the regions observed based on their geographical positions. The Euclidian distance between regions i that are located in the coordinate (u i , v i ) against the regions j that are located in the coordinate (u j , v j ). These calculations are carried out for the entire regions of observation; g) Determining the optimum bandwidth according to the criteria of minimum CV values; h) Calculating the weighting matrices using the i bi-square kernel. Esti-mating the GWR model parameters using the optimum bandwidth; i) Performing Goodness of Fit test on the GWR model; j) Performing parameter significance test; k) Obtaining the GWR model for the occurrence of malnutrition on children under the age five years old; l) Comparing the results obtained from the linear regression and GWR with R-Square criteria (R 2 ), mean squares error (MSE) and Akaike information criterion (AIC).
The method used for parameter estimation model is the Weighted Least Squares (WLS) by assigning different weight for each region. The analysis is performed using R.3.0.2 program.
Results and Discussion
In general, the region of East Java can be divided into two major areas, the mainland East Java and the Island of Madura. The area of mainland East Java covers almost 90% of the entire area of East Java Province while the remaining 10% is the area of Madura Island. Administratively the province of East Java consisted of 29 districts and 9 cities. 12 The average percentage of children under the age of five years old suffering from malnutrition in East Java in the year 2010 is 4.48%, wherein the lowest percentage of children under the age of five years old suffering from malnutrition is in the Municipality of Madiun at 1%, whereas the highest number of children under the age of five years old suffering from malnutrition is in the District of Sampang at 16.2%. Based on their distribution pattern, the occurrence of children under the age of five years old suffering from malnutrition is spread between districts/cities. Categorically, the highest percentage (more than 9%) of children under the age of five years old suffering from malnutrition occurs in the District of Jember and Sampang. The high number of poor households and the lack of access to Posyandu may have been the cause for the high numbers of children under the age of five years old suffering from malnutrition in the District of Sampang.
The percentage of populations who are poor is calculated based on the ability to fulfill their basic needs (basic needs approach). In this approach, poverty is seen as the inability as seen from the economic aspect to fulfill the basic needs to get food instead of measuring the need for food as seen from the spending aspect. Members of the population whose monthly per capita expenses are below the Poverty Line (PL) are categorized as poor. According to the 2010 survey of the National Socio-Economic Survey in the Province of East Java, the District(s) of Sampang and Jember are two regions whose per capita spending is lower than the Poverty Line (PL), i.e. 0.16% and 0.22% respectively. Further it could be discerned that in the District of Sampang, the percentage of the poor population is in line with the percentage of children under the age of five suffering from malnutrition. The linear regression model developed using six independent variables are as follows: 
The above model explains that the occurrence of children under the age of five suffering from malnutrition will be reduced by 0.04% if the variable of households that can access clean water (X1) increase by
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one percent on the condition that the other variables remain constant. The occurrence of children under the age of five suffering from malnutrition will also decrease by 0.05% if the number of children under the age five years old who are breastfed exclusively (X 6 ) increases by one percent on the condition that the other variables remain constant. Nevertheless, the occurrence of children under the age of five suffering from malnutrition may increase by 0.18% if the number of poor households (X 2 ) increases by one percent and 0.14%, if the percentage of children under the age of five suffering from infection (X 3 ) increases by one percent on the condition that the other variables remain constant. Similar interpretation will also be valid for each variable in the regression model.
In Table 1 , of the six independent variables, only one of them has a significant impact on the dependent variable at α=5%, namely the variable of the percentage of the poor population (X 2 ). Hence, for the next analysis, the variables used for developing the GWR model is the X 2 variable.
The result of Breusch-Pagan test reveals a BP value of 9,4642; meanwhile, the Chi-Square table at a significant level (α) at 10% is 9.24%. Therefore, the decision taken in this case is to reject H 0, which means that the linear regression has a spatial heterogeneity effect. The occurrence of spatial heterogeneity case on children under the age of five suffering from malnutrition in East Java indicates that the regression model parameters are influenced by the factors about region observed, in this case, the geographic location of a district/city. To overcome the effect of spatial heterogeneity, it is necessary to use a local regression model, namely the geographically weighted regression (GWR).
The first step in obtaining GWR model is to establish the region of observations, in this case the geographical location (latitude and longitude) of each district/city in East Java Province. Next is calculating the Euclidian distances based on the geographical location of each district/city in East Java Province. Then, determining the optimum bandwidth for each district/city with kernel adaptive bi-square function using R 2.15.0 software. Bandwidth calculation is based on the distance of one region to its nearest neighbor that affecting the region. The bandwidth value with kernel bi-square function for the Province of East Java was obtained from the result of iteration of 0.483 with CV=204.98.
Parameter estimation for GWR model was obtained by assigning weight to each region of observation in the calculation using the weighted least squares (WLS) method resulted in 38 different models of occurrences of malnutrition for each district/ city in East Java. The value parameter estimation for GWR model with kernel adaptive bi-square weighting function for each region (u i , v i ); 1, 2, …, to 38 is presented in Table 2 . The Goodness of Fit test on the GWR model was calculated using the difference of sum squares residuals from GWR model and the global regression model. The GWR model will be significantly different from the global regression model if it can significantly lower the total sum square residuals. Table 3 shoes that the statistical value of F test at 3,783 with p-value of 0.02. Using the significant level (α) of 5%, the GWR model is significantly different from the global regression model.
Afterward, the best model was selected in accordance with the criteria R 2 , MSE and AIC. The best model is the model with highest R2 value and the lowest MSE and AIC values. 15 Table 4 is a comparison between linear regression model and GWR model using kernel bi-square weighting. Based on Table 2 the GWR model is the best model for modelling the percentage of malnutrition occurrences in East Java Province because it has highest R 2 value and the lowest MSE and AIC values.
The independent variables that have different effect on each region of observation maybe used in a partial test on the effect of geographical factor for each independent variable. A variable with a significant influence on the occurrences of malnutrition on children under the age of five years old in each district/city in East Java. The grouping of district/city with similar variables that have significant influence on the occurrences of malnutrition is presented on Figure 1 .
From Figure 1 , it may be concluded that a variable of a study is influenced by the regional aspect (spatial). Therefore, it is necessary to take into account such an aspect in developing the model. The spatial weighting matrices are the important part in a GWR regression model since spatial parameter estimation is dependent upon the spatial weighting matrix W. The weighting matrix used in the study is the kernel adaptive bi-square weighting function. This is based on studies 13 that revealed the kernel adaptive bisquare weighting function as better in modelling the occurrences of malnutrition in East Java. As for the value of the weighting used in developing model is dependent on the distance between the region observed. The closer the proximity, the greater the influence and the value of the weighting are closer to one. On the other hand, the farther the distance between regions, the smaller the influence, hence the value of the weighting is closer to zero. 14 The above-mentioned weighting matrix is used to estimate the parameter in the region (u i , v i ). To make an estimation of the parameter in the region (u 2 , v 2 ) it is necessary to calculate the weighting matrix W(u 2 , v 2 ) sing the same method as above, until the weighting matrix for the final observation is obtained The weighting calculated in this study up to (u 3g , v 3g ), in the end there are 38 weighting calculated for the study from different points.
The best model was then selected in accordance with the criteria R 2 , MSE and AIC. The best model is the model with the highest R2 value and the lowest MSE and AIC values. 15 The GWR model is the best model for modelling the percentage of malnutrition occurrences in East Java Province compared to the conventional regression model since the GWR model can increase the value of determinant coefficient (R 2 ) from 42.17% to 93.72%, and lowering the MSE value from 6.223 to 2.142 and the AIC value from 185.5761 down to 109.5714.
The GWR modelling using bi-square kernel weighting function resulted in 5 groups of districts/cities according to the variables that have significant influences on the occurrences of malnutrition in the Province of East Java. The region of district/city that are near to each other tend to form into the same group on the variables that influencing the occurrences of malnutrition in children under the age of five years old in a significant manner in East Java. This fact is certainly supported by the first law of geography as proposed by Tobler that states: "Everything is related to everything else, but near things are more related than distant thing". 16
Conclusions
There 38 GWR models developed that correspond to the total number of districts/cities in East Java (Table 2) , wherein each of this district/city will have a different model. The conclusion that can be drawn from this study shows that GWR method is better in modelling the percentage of children under the age of five years old suffering from malnutrition in East Java along with all the independent variables as opposed to the conventional linear regression models. The GWR model can increase the value of determinant coefficient (R 2 ) from 42.17% to 93.72%, and lower the MSE value from 6.223 to 2.142 and the AIC value from 185.5761 down to 109.5714. The GWR modelling using bi-square kernel weighting function reveals five groups of districts/ cities with similar variables with significant impact on the occurrence of malnutrition in East Java Province.
